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Calmodulin Binding to a Novel Site in the AB Module of Kv7.2 Subunits
Regulates Surface Expression
Ganeko Bernardo-Seisdedos1, Juncal Fernandez-Orth1,
Carolina Gomis-Perez1, Alessandro Alaimo1, Araitz Alberdi1,
Covadonga Malo1, Pilar Areso2, Alvaro Villarroel1.
1CSIC, Leioa, Spain, 2UPV/EHU, Leioa, Spain.
Calmodulin (CaM) binding to the ABmodule underliemultiplemechanisms gov-
erning the function of Kv7.2 subunits, which are the main component of the non-
inactivatingKþM-current, a key controller of neuronal excitability. Simultaneous
binding to helix A and B is crucial for trafficking to the plasma membrane. We
have identified a novel CaM-binding site located downstream of helix A, reminis-
cent of the TWmotif of CaM-gated SK2 Kþ channels, with W360 as pivotal for
surface expression. In the context of the knownCaM-bindingmodes and previous
studies, our data suggest a model for traffic control that involves alternative CaM
docking to either helix B, the novel TW motif, or the IQ-site of helix A.
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A Point Mutation Causing Episodic Ataxia Reveals Functional Link
between Voltage Sensor and Selectivity Filter in Shaker Kv Channels
Dimitri Petitjean1,2, Rikard Blunck1,2.
1Departments of Physics and of Physiology, Universite´ de Montre´al,
Montre´al, QC, Canada, 2GE´PROM, (Membrane Protein Research Group),
QC, Canada.
Episodic ataxia (EA) constitutes itself as sporadic episodes of vertigo, migraine
and ataxia and is occasionally associated with epilepsy or hemiplegic migraine.
EA type 1 is caused by mutations in KCNA1. We investigated the biophysical
implications of one of these mutations, F244C, in the drosophila analogue the
Shaker Kv channel (numbering according to Shaker). In spite of being located
in the first transmembrane helix (S1), the mutation had drastic effects on the
gating currents. The gating charge-voltage relation (QV) was shifted to more
depolarized potentials. Although other EA1 mutations had been linked to
electromechanical coupling, this was not the case for F244, as also the
conductance-voltage relations of different amino acid replacements were pro-
portionally shifted to more depolarized potentials. Instead, we found a stabili-
zation of the second arginine in S4 in the intermediate state of the voltage
sensor dependent on the hydrophobicity of the replacement residue.
One striking feature of the F244C mutant was that it led to drastic development
of leak in the W434F background. This leak current passed though the main ion
conducting pore, and we were able to link it to reduced C-type inactivation. We
established that the C-type inactivation of the neighboring subunit was effected.
F244 therefore directly links the voltage sensor movement of one subunit with
the selectivity filter of its neighboring one.
This work is supported by grants of the Canadian Institutes of Health Research
and the Canada Research Chairs.
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The Shaker family of voltage-gated Kþ channels in bilaterians consists of four
closely related gene subfamilies (Shaker, Shab, Shaw and Shal) that regulate
neuronal excitability in diverse ways. We examined the evolutionary origins of
the gene family by characterizing Shaker channels in early branching metazoan
lineages. Shaker family channels can be definitively identified by the combina-
tion of a voltage-dependent potassium channel core and a cytosolic domain
(T1) that mediates subfamily-specific tetrameric assembly. The Shaker, Shab,
Shaw and Shal subfamilies are present in cnidarians, a close sister group to the
bilaterians. We show that all four subfamilies are highly conserved on a func-
tional level in the sea anemone Nematostella vectensis, an emerging cnidarian
model organism. The Nematostella Shaker, Shal and Shaw subfamilies include
cnidarian-specific expansions of regulatory subunits that extend functional diver-
sity through the formation of heteromeric channels. We were unable to identify
Shaker family genes in choanoflagellates or sponges, but found over 40 Shaker
family genes in a ctenophore (Mnemiopsis leidyi). Ctenophores are the earliest
branching metazoans with a nervous system. Phylogenetic analysis indicates
that the ctenophore Shaker family expanded independently and diverged prior
to emergence of the Shaker, Shab, Shal and Shaw subfamilies. The phylogeny
and functional analysis support Shaker as the oldest of these subfamilies. Two
Mnemiopsis Shaker family subunits heteromerize with Nematostella and mouse
Shaker subfamily channels, but not with Shab, Shaw or Shal. Thus the subunitinterface of Shaker subfamily may retain ancestral features. Our results indicate
that the Shaker family is metazoan-specific and was present by the time neurons
evolved. However, the Shaker, Shab, Shal and Shaw subfamilies evolved in the
cnidarian/bilaterian lineage long after the evolution of the first nervous systems.
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Alternative Splicing Modulates Kv Channel Clustering through a
Molecular ‘Ball and Chain’ Mechanism
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Tzilhav Shem-Ad, Limor Lewin, Uri Abdu, Irit Orr, Ofer Yifrach.
Life Sciences, Ben Gurion University of the Negev, Beer sheva, Israel.
Ion channel clustering at the post-synaptic density (PSD) serves a fundamental
role in action potential transmission. In voltage-activated potassium channels
(Kv), this process is mediated by interaction of the C-terminal tail with scaffold
proteins by a currently unclear mechanism. Here, we show that interaction be-
tween the prototypical Shaker Kv channel and the PSD-95 scaffold protein is
entropy-controlled and modulated by the length of the intrinsically disordered
channel tail.We further show that the Kv channel tail functions as entropic clock
that times scaffold protein binding. Based on these observations, we propose a
‘ball and chain’ mechanism to explain C-terminal-based Kv channel binding
to scaffold proteins, analogous to the classical N-type mechanism that describes
channel fast inactivation. The physiological relevance of this mechanism is
demonstrated by showing that alternative splicing in the Shaker Kv channel
gene, producing channel variants with distinct C-terminal tail lengths, exhibit
distinct scaffold protein-mediated channel cell surface expression and clustering
patterns that correlate with differences in affinity of the variants to PSD-95. We
suggest that modulating channel clustering by specific spatial-temporal variant
targeting serves a fundamental role in nervous system development and tuning.
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b-2 and g-1 Auxiliary Subunits Coassemble in the Same BK Channel and
Independently Contribute to Regulation of Channel Gating
Vivian M. Gonzalez-Perez, Xiao-Ming Xia, Christopher J. Lingle.
Anesthesiology, Washington University in St. Louis, St. Louis, MO, USA.
Large conductance, Ca2þ-and-voltage activated Kþ (BK) channels are oligo-
meric proteins whose minimal functional unit is a homotetramer of the pore-
forming a subunit. The a subunit is almost ubiquitously expressed in mamma-
lian tissues, but native BK channel complexes can also contain associated
auxiliary subunits which are tissue-specifically expressed. Members of two
structurally distinct families of auxiliary subunits, b1- b4 and g1-g3, have
each been shown to separately assemble with BK-a subunit. Each auxiliary
subunit defines important gating properties of the BK channel complex as
well as its pharmacology. However, the possibility of coassembly of the two
types of auxiliary subunits in the same BK channel has not been closely exam-
ined. The only antecedent reports that overexpression of b1 subunit precludes
the ability of g1 to affect BK gating. Here, using single channel and macro-
scopic patch-clamp recordings we show that b2 and g1 can coassemble in
the same channel. When a, b2 and g1 subunits are coexpressed at typical
RNA ratios, the resulting BK-current shows a complete inactivation, indicating
the presence of b2 in all channels, but also exhibits a gating shift consistent with
the presence of g1 in all channels. The effects produced by b2 and g1 subunits
on BK channel gating are approximately additive, consistent with independent
mechanistic effects. Furthermore, coassembly of both subunits in the same
channel produces a constitutive inactivation of BK current at physiological
conditions even at 0 [Ca2þ]. This possibility that b and g subunits may also
coassemble in the same BK channels in native tissues adds significantly to
the potential functional diversity of BK channels.
This work was supported by National Institutes of Health Grant GM-081748 (to
C.J.L.) and National Research Service Award GM103138 (to V.G.-P.).
Platform: Cytoskeletal Mechanics, Dynamics,
Motility, and Myosins
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Actin polymerization powers the directed motility of eukaryotic cells. Sus-
tained motility requires rapid filament turnover and subunit recycling. The
Sunday, February 8, 2015 25aessential regulatory protein cofilin severs actin filaments, which accelerates
network remodeling by increasing the concentration of filament ends available
for elongation and subunit exchange. Although cofilin effects on actin filament
assembly dynamics have been extensively studied, the molecular mechanism of
cofilin-induced filament severing is not understood. Here we demonstrate that
actin filament severing by vertebrate cofilin is driven by the linked dissociation
of a single cation per bound cofilin, which alters filament mechanical proper-
ties. Vertebrate cofilin only weakly severs Saccharomyces cerevisiae actin fil-
aments lacking this ‘‘stiffness cation’’ unless a stiffness cation-binding site is
engineered into the actin molecule. Vertebrate cofilin rescues the viability of
a Saccharomyces cerevisiae cofilin deletion mutant only when the stiffness
cation site is simultaneously introduced into actin, demonstrating that filament
severing is the essential function of cofilin in cells. The work presented here
reveals that site-specific interactions with cations serve a key regulatory func-
tion in actin filament fragmentation and dynamics.
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How Actin Initiates the Motor Activity of Myosin
Virginie Ropars1, Bin Zong2, Paola Llinas1, Tatiana Isabet1, Lin Song2,
H. Lee Sweeney2, Anne Houdusse1,3.
1Curie Institute, Paris, France, 2University of Pennsylvania School of
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Fundamental to cellular processes are directional movements driven by molec-
ular motors. A common theme for these and other molecular machines driven
by ATP is that controlled release of hydrolysis products is essential to use the
chemical energy efficiently. Mechanochemical transduction by myosin motors
on actin is coupled to unknown structural changes that result in the sequential
release of inorganic phosphate (Pi) and MgADP. We will describe how key re-
gions of the motor play a role at the actin interface to trigger different transi-
tions during the powerstroke. We will also present a myosin structure that
explains how actin initiates force generation and movement. This structure pos-
sesses an actin interface that differs from previously seen pre- and post-stroke
states of the motor. The structure also describe the tunnel (back door) that cre-
ates an escape route for Pi with a minimal rotation of the myosin lever arm that
drives movements. Functional studies allow us to propose that this state repre-
sents the beginning of the powerstroke on actin, and that Pi translocation from
the nucleotide pocket triggered by actin binding initiates force generation by
myosin. This elucidates a strategy that may be common to many molecular
machines.
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Structural Basis for Calcium Regulation of the Motor Function of
Myosin-5a
Mei Shen1, Sanduo Zheng2, Wen-Bo Zhang1, Zekuan Lu1, Xiang-dong Li1.
1Institute of Zoology, Beijing, China, 2National Institute of Biological
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The motor function of vertebrate myosin-5a (Myo5a) is regulated by its glob-
ular tail domain (GTD) in a Ca2þ-dependent manner. We recently demon-
strated that the CaM bound to the first IQ motif (IQ1) of Myo5a is necessary
for Ca2þ-dependent regulation of Myo5a motor function and proposed that
Ca2þ induces the conformational change of the CaM in IQ1 and prevents the
interaction between the head and the GTD, thus activating the motor function.
However little is known about the Ca2þ-induced structural change of Myo5a.
Here we report a crystal structure of truncated Myo5a containing the motor
domain and IQ1 (MD-IQ1) in complex with Ca2þ-bound calmodulin (Ca2þ-
CaM) at 2.5 A˚ resolution. Compared with M5a-IQ1/apo-CaM structure,
M5a-IQ1/Ca2þ-CaM displays a large conformational change in CaM/IQ1 but
little difference in the motor domain. Ca2þ-binding induces N-lobe and C-
lobe of CaM to transform from closed-conformation and semi-open conforma-
tion to an open conformation and flip-flop of CaM relative to IQ1 motif. Our
work presents the first atomic-resolution structure of Myo5a in complex with
Ca2þ-CaM and provides the structural insight into the mechanism of Ca2þ
regulation of Myo5a function.
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Structural Determinants of Myosin I Mechanosensing: The N Terminal
Region
Michael J. Greenberg, Tianming Lin, Henry Shuman, E. Michael Ostap.
Pennsylvania Muscle Institute, University of Pennsylvania, Phildadelphia,
PA, USA.
Myosin-I molecular motors are mechanically and kinetically tuned to function
in a host of cellular processes. The myosin-I family members Myosin-IB
(Myo1b) and Myosin-IC (Myo1c) have similar structures and ATPase kinetics;however, they display very different behaviors when mechanical loads are
placed on the motors. The ATP-dependent, actin-detachment kinetics of
Myo1c are not significantly affected by loads that resist the myosin power-
stroke of <2 pN, allowing the myosin to generate power and act as a molecular
transporter. In contrast, similar loads slow the ATP-dependent, actin-detach-
ment kinetics of Myo1b by two-orders of magnitude, enabling the myosin to
function as a tension-sensing anchor. We recently determined the crystal struc-
ture of the Myo1b motor domain and found that the N-terminal region (NTR) is
in a conformation not seen in other myosin structures. Because the NTR
sequence is highly variable and alternatively spliced within the myosin-I fam-
ily, we investigated the role of the NTR in tuning the mechanochemical prop-
erties of myosin-I. We expressed recombinant constructs of Myo1b and Myo1c
that had their NTRs deleted or swapped, and we characterized their kinetic and
mechanochemical properties using in vitro motility assays, stopped-flow tech-
niques, and single molecule optical trapping techniques. Our results show that
the NTR plays an important role in tuning the mechanochemical properties of
Myo1b and Myo1c, however the effects of this tuning are very different be-
tween these isoforms. These differences in the role of the NTR suggest that
the sequence diversity and alternative splicing of this region may play a vital
role in generating diversity of myosin-I function in the cell. This work was sup-
ported by grants from the NIH (GM057247 to E.M.O. and HL123623 to
M.J.G.).
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Myosin 5 Side Steps along Actin
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James R. Sellers2, Philipp Kukura1.
1Physical and Theoretical Chemistry Laboratory, University of Oxford,
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Myosin 5a is a dual-headed molecular motor fuelled by ATP hydrolysis that
transports cargo along actin filaments. Although the kinetic cycle is well un-
derstood, there is inconclusive and conflicting information on the motion that
describes individual steps. Studies aimed at revealing the stepping mecha-
nism have either reported periods of increased flexibility or proposed parti-
tioning of the step into one, or multiple sub-events. All resulting models
involve a forward aiming power stroke followed by a Brownian search
mechanism. We used interferometric scattering microscopy to reveal the mo-
tion of the heads with simultaneous nanometer spatial and millisecond tem-
poral precision during processive motion. We observed a single, spatially
constrained transient state with a 17.5 5 0.6 ms exponential lifetime from
which myosin reaches the desired binding site in a highly controlled and effi-
cient manner. The position and dynamics of the transient state demonstrate a
significant torsional component to the power stroke. Our results show how
the motor restricts the motion of the unbound heads during stepping to opti-
mise the probability of finding the next binding site and conserve the 74 nm
step size.
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Probing Lipid Vesicle Transport in 3D by Teams of Myosin Va Motors at
Suspended Actin Intersections in vitro
Andrew T. Lombardo, M. Yusuf Ali, Guy G. Kennedy, Kathleen M. Trybus,
David M. Warshaw.
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In cells, myosin Va motor teams are forced to transport vesicles through a com-
plex three-dimensional (3D) actin meshwork. To characterize how these motors
navigate this physically challenging meshwork, we created actin filament inter-
sections adhered to a coverslip surface and confronted a team of ~10 myosin Va
HMM motors carrying a 350nm synthetic lipid vesicle. When approaching the
intersection on the lower filament, the motor-vesicle complex (MVC) switched
to the upper intersecting filament with a 51% probability while crossing over
the intersection with only a 33% probability. If approaching the intersection
on the upper filament, the MVC preferred staying on the upper filament through
the intersection and only switched to the lower filament with a 31% probability.
These data suggest that the extent of MVC surface contact with the target bind-
ing zone of the intersecting actin filaments dictates the directional outcome. To
build complexity, actin filaments were strung between 3mm beads, creating sus-
pended filament intersections. The 3D spatial relations between the MVC and
the individual filaments were determined by super-resolution STORM imaging.
As the MVC approached the intersection, the complex spiraled around the actin
